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METHODS FOR STARTING AN 
INTERNAL COMBUSTION ENGINE 

BACKGROUND 

This invention relates to methods for starting an internal combustion 
engine, such as the engine of a vehicle, and in particular to methods that can 
be used quickly and reliably to start such engines. 

In the past, it has been common practice to use a portable battery 
charger to start the engine of a vehicle in cases where the battery of the 
vehicle has insufficient charge to start the engine. Such battery chargers 
include a portable battery, cables for connecting the portable battery to the 
vehicle battery, and a battery charger for charging the portable battery. 
Conventional batteries have a high internal resistance, especially at low 
battery temperatures. This high resistance limits the rate at which 
conventional batteries can be charged and limits the maximum amperage that 
the battery can supply. 

A need presently exists for an improved system thatjsan be used to 
start internal combustion engines quickly, even at low temperatures. 

SUMMARY 

The preferred methods described below use a capacitor to start an 
internal combustion engine. In one method, an internal combustion engine of 
the type that is coupled with an electrical cranking motor that is in turn 
coupled with an electrical battery is started with a capacitor that initially has 
insufficient charge to start the engine. At a time when the battery also has 
insufficient charge to start the engine, the capacitor is charged with the 
battery, and then the engine is started with power from the capacitor. 
Because the capacitor has lower internal resistance than the battery, the 
capacitor can provide higher amperage levels at a given voltage than a 
conventional battery at the same voltage. For this reason, it is often possible 
to start the engine, even when neither the capacitor nor the battery initially 
has adequate charge to start the engine. 



In another method described below, a capacitor is connected with the 
electrical system of a vehicle, the capacitor is charged with this electrical 
system, and then the capacitor is disconnected from the vehicle and 
connected with the cranking motor of the engine to be started. This engine is 
then started using the associated cranking motor and capacitor. In this way, a 
single capacitor can be used to start a fleet of vehicles, even though some or 
all do not have adequate charge in their respective batteries for engine 
starting purposes. 

This section has been provided by way of general introduction, and it is 
not intended to limit the scope of the following claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a vehicle and selected portions of the 
electrical system of the vehicle. 

Figure 2 is a schematic diagram of the vehicle of Figure 1 connected 
with a capacitor. 

Figure 3 is a flowchart of a method for starting an internal combustion 
engine. 

Figure 4 is a block diagram showing a capacitor being moved from a 
first vehicle to a second vehicle. 

Figure 5 is a flowchart of another method for starting an internal 
combustion engine. 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED 
EMBODIMENTS 

Turning now to the drawings, Figure 1 shows a block diagram of a 

vehicle V that includes an internal combustion engine such as a diesel engine. 

The engine drives an alternator that charges a battery. During normal 

operation, when it is desired to start the engine, a switch is closed, and power 

from the battery is applied to a cranking motor that cranks the engine. In the 

event the voltage of the battery is too low for the currently prevailing 

conditions, the battery may not be able to provide sufficient current to the 

cranking motor to start the engine. 



As shown in Figure 1 , two auxiliary cables are connected to the 
terminals of the battery, and these auxiliary cables terminate in high 
amperage connectors 10. The connectors 10 can take any suitable form, as 
long as they are capable of conducting high currents (for example 400 
amperes) at a low resistance. For example, connectors of the type distributed 
by Crouse Hinds as model number E-Z 1016 can be used. 

In the methods described below, the electrical system of a vehicle such 
as the vehicle V is connected with a capacitor C, as shown in Figure 2. The 
capacitor C is preferably a large capacitor that stores sufficient power to start 
the internal combustion engine of the vehicle. In general, the capacitor should 
have a capacitance greater than 320 farads and an internal resistance at 1 
kHz and 20°C that is preferably less than 0.008 ohms, more preferably less 
than 0.006 ohms, and most preferably less than 0.003 ohms. Suitable 
capacitors are distributed by Kold Ban International, Lake in the Hills, IL, 
under the trade names KAPower and Kranking Kap. Such capacitors can for 
example have a nominal working voltage of 12 volts, a maximum voltage of 
15 volts, a full energy storage capacity of not less than 50 kJ, a capacitance of 
695 farads, an internal resistance at 1 kHz of no more than 0.001 ohms, and a 
discharge current of 1800 amps. The capacitor C is provided with cables and 
connectors configured to mate with the connectors 10 described above. 

In the method of Figure 3, the capacitor C is connected with the battery 
of the vehicle V. This is accomplished by mating the associated connectors. 
Prior to this connection, neither the capacitor C nor the battery has sufficient 
charge to start the engine of the vehicle V. 

Next, in block 22, the capacitor is charged with the battery. This 
charging takes a very short time, e.g., a few seconds, because of the 
extremely low internal resistance of the capacitor. 

Next, in block 24, the engine of the vehicle V is started using power 
from the capacitor. Note that prior to the connection of block 22, neither the 
capacitor nor the battery has sufficient power to start the internal combustion 
engine. For example, the battery may be at a voltage of 10 volts, which is too 
low for the battery to supply sufficient current to the cranking motor given the 



relatively high internal resistance of the battery. However, once the battery is 
used to charge the capacitor, for example to a voltage of 10 volts, the 
capacitor is able to start the internal combustion engine. This is because of 
the extremely low internal resistance of the capacitor. 

The method of Figure 3 provides the important advantage that in many 
cases the engine of the vehicle can be started, even when no auxiliary power 
is available, as for example AC power conventionally used to power a battery 
charger. 

In another alternative shown in Figure 4, the capacitor can first be 
connected to the electrical system of one vehicle V, and then the capacitor 
can be disconnected from the vehicle V and connected to another vehicle V\ 
The capacitor can then be used to start the internal combustion engine of the 
vehicle V\ Figure 5 illustrates a starting method of this type. 

In block 30 of Figure 5, the capacitor is connected with the electrical 
system of the vehicle V, and the capacitor is then charged in block 32. The 
charging act of block 32 can be accomplished whether or not the engine of 
the vehicle V is running. Next, in block 34, the capacitor is disconnected from 
the vehicle V and it is connected with the cranking motor of another vehicle V 1 . 
In block 36 the engine of the vehicle V his then started with power from the 
capacitor. 

This method can be repeated again and again to start a large number 
of vehicles using a single capacitor. A particular advantage of capacitors is 
that they charge extremely rapidly. This makes it feasible to move a single 
capacitor from vehicle to vehicle, thereby rapidly starting the engines of a 
large number of vehicles. 

As used herein, the term "battery" is intended broadly to encompass 
one or more batteries, and the term "coupled with" is intended broadly to 
encompass two elements that are coupled by a switch that may be open or 
closed at any given instant. Thus, a battery is said to be coupled with a 
starter motor, even when a solenoid switch is connected in series between the 
battery and the starter motor. 



It should be apparent from the foregoing that the starting methods 
described above can be implemented in many ways. For example, a wide 
variety of capacitors can be used, including capacitors such as those 
described in the following patent documents: PCT/RU 95/00170, 
PCT/RU 95/00171, U.S. patent application 09/206,600. The capacitor is 
preferably amounted externally of the vehicle, and the capacitor may be 
mounted on a movable cart, which may include a capacitor charging device 
normally powered by alternating current. The methods described above can 
be used with internal combustion engines of any type, whether or not they are 
included in vehicles. 

The foregoing detailed description has described only a few of the 
many forms that this invention can take. For this reason, this detailed 
description is intended by way of illustration, and not limitation. It is only the 
following claims, including all equivalents, that are intended to define the 
scope of this invention. 



